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© Each slit track of the disk of an optical type 
absolute encoder are divided into a group corre- 
sponding to an area to which a LED can emit light. A 
reference track of only a transparent portion is pro- 
vided in this group. In the case of converting a 
detection signal into square waves, the detection 
signal is converted into a square wave output by 
using the output signal of the reference track as an 
index. 
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FIELD OF THE INVENTION 

The present invention relates to an absolute 
encoder of the multirotatlon type in which a one- 
pulse encoder of the magnetic type for detecting 
the number of rotations and the rotating direction 
and an absolute encoder of the optical type for 
detecting the absolute angle within one rotation are 
combined on the same shaft, the absolute angle of 
the rotations of the shaft is detected on the basis of 
detection signals of the encoders, and when power 
sources which are supplied to the encoders are 
cut, a power source is supplied from an external 
auxiliary power source such as a battery power 
source or the like to the one-pulse encoder and to 
an electronic circuit to measure the detection 
amount of the one-pulse encoder. 

DESCRIPTION OF THE PRIOR ART 

Fig. 10 is a diagram showing a constitution of a 
conventional example of a kind of multirotation type 
absolute encoder. 

An optical type absolute encoder to detect the 
absolute angle within one rotation comprises: a 
disk 2, attached to a shaft 1, for detecting the 
absolute angle within one rotation; a light emitting 
section LED 4o to project the light to the disk 2; a 
light projecting lens 3; a grating 5 and photo sens- 
ing devices 61 to 615 to detect photosignals; and 
waveform shaping circuits ly to 7i 5 to shape the 
waveforms of the detection signals into square 
waves. A magnetic type one-pulse encoder to de- 
tect multi rotations comprises: a disk 81 which is 
attached to the shaft 1 and has a magnet 82 
attached to its rotating section; a magnetoresistive 
element 9 to detect the number of rotations of the 
disk 81; a waveform shaping circuit 10; and a 
power switching circuit 11 for switching a power 
source to an external auxiliary power source such 
as a battery power source or the like when the 
supply of the power source is cut. To detect the 
rotating direction, the magnetic type one-pulse en- 
coder to detect the multirotations outputs square 
wave signals Mi and M 2 of two phases having a 
phase difference of 90°. The multirotations are 
detected by counting the signals M t and M 2 by 
counters (not shown) provided in an external con- 
troller. On the other hand, the optical type absolute 
encoder to detect the absolute angle within one 
rotation outputs signals G1 to G15 (15 bits in the 
case of detecting 32768 pulses) in accordance with 
the resolution and detects the absolute value from 
these signals. 

The foregoing conventional multirotation type 
absolute encoder has the following problem if it is 
used as a detector to detect the position of a robot 
or similar equipment. 



The following two kinds of methods can be 
used as a constituent of the light projecting section 
of an absolute encoder. In one method, the LED 4o 
and the collimator lens 3 to convert the light to the 

5 parallel light are used as shown in Fig. 10. In the 
other method, each pair of light emitting devices 
and photo sensing devices <4i and 61), (4 2 and 
62), — , (4i5 and 615) are used for one bit of the 
absolute encoder as shown in Fig. 1 1 . 

10 According to the former method, since the light 

is emitted from a single LED, a change in light 
quantity on the temperature of the LED exerts an 
influence on the photo sensing device. Therefore, if 
the change in light quantity to the temperature of 

75 the LED is detected and controlled, the influence of 
the temperature can be reduced. However, to cover 
all of the photo sensing devices, a lens of a large 
outer diameter is necessary. When using such a 
large lens, the focal distance of the lens is long, so 

20 that the length of the absolute encoder cannot be 
reduced. 

According to the latter method, although the 
problem of length is eliminated, the temperature 
changes of each pair of light emitting device and 

25 photo sensing device cannot be made constant. 
The temperature changes of each of the detection 
signals are variable. It is very difficult to com- 
pensate for the temperature changes. 

As shown in Fig. 10, in conventional absolute 

30 encoders, in the case of fifteen bits, a total of 
fifteen sets of photo sensing devices 61 to 615 and 
waveform shaping circuits 7i to 7^s for each bit are 
necessary. However, since there are variations in 
light quantities and sensitivities of the photo sens- 

35 ing devices, the frequency characteristics of each 
of the detection signals do not coincide. When the 
shaft rotates at a high speed, the phase of the gray 
code is deviated or the detection signal is cut. To 
prevent this, the absolute encoder can be used 

40 only at a low rotational speed near the stop state. It 
is difficult to control the absolute encoder by the 
servo control loop. 

SUMMARY OF THE INVENTION 

45 

It is an object of the present invention to pro- 
vide an absolute encoder of the multirotation type 
in which the influence by the temperature fluc- 
tuation and the length of encoder can be reduced. 

so It is another object of the present invention to 

provide an absolute encoder of the multirotation 
type having a high reliability which is suitable for 
high speed rotation 

The multirotation type absolute encoder ac- 

55 cording to the present invention is characterized in 
that: each slit track of the disk of the optical type 
absolute encoder are divided into a group cor- 
responding to an area to which a LED can emit 
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light; a reference track of only a transparent portion 
is provided in said group; and the detection signal 
is converted into the square wave output by use of 
an output signal of the reference track as an index. 

The mufti rotation type absolute encoder of the 
present invention is still further characterized in that 
a circuit to detect signals from a track of the 
maximum resolution is constituted by a differential 
input type current-to- voltage converter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing a constitution of an 
embodiment of a multi rotation type absolute en- 
coder of the present invention; 
Fig. 2 is a diagram showing signal formats of 
outputs of channels A and B in the embodiment 
of Fig. 1 ; 

Fig. 3 is a circuit diagram of a waveform shap- 
ing circuit 1 0 of a magnetic encoder; 
Fig. 4 is a waveform diagram of output pulses 
Mi and M 2 of the waveform shaping circuit 10; 
Fig. 5 is a diagram showing patterns of an 
absolute encoder; 

Fig. 6 is an enlarged diagram of a portion of the 

absolute encoder of Fig. 1 ; 

Fig. 7 is a diagram showing the circuit section in 

Fig. 6 corresponding to only one slit; 

Fig. 8 is a circuit diagram to output 15 bits, i.e., 

32768 pulses; 

Figs. 9A - 9K are diagrams showing the phase 
relation of square wave output signals; 
Fig. 10 is a diagram showing a constitution of a 
conventional multirotation type absolute en- 
coder; 

Fig. 11 is a diagram showing the main section of 
another conventional multirotation type absolute 
encoder; and 

Fig. 12 is a diagram showing a constitution of a 
conventional multirotation type absolute encoder 
using balanced line driver. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

An embodiment of the present invention will be 
described in detail hereinbelow with reference to 
the drawings. 

Fig. 1 is a diagram showing a constitution of an 
embodiment of a multirotation type absolute en- 
coder of the invention. Fig. 2 is a diagram showing 
signal formats of outputs of channels A and B in 
the embodiment of Fig. 1. An optical type absolute 
encoder to detect the absolute angle within one 
rotation comprises: a disk 2, attached to a shaft 1, 
for detecting the absolute angle within one rotation; 
a LED 4 to emit light to the disk 2; a grating 5; a 
photodiode array 6 consisting of photo sensing 



devices; and waveform shaping circuits 7i to 7 i5 to 
shape the waveforms of detection signals of those 
photo sensing devices into square waves. A mag- 
netic encoder to detect the multirotations com-' 
5 prises: a disk 81 having a magnet 82 attached to 
the rotating section: a magnetoresistive element 9 
to detect the number of rotations; a waveform 
shaping circuit 10; a power switching circuit 14 for 
switching the power source to an external battery 

70 power source when the supply of the power source 
is cut; a high volumed capacitor 15 to drive the 
circuit by the accumulated voltage if the battery 
power source is cut; a voltage detecting circuit 13 
to detect the power source voltage; a control circuit 

75 12 having therein a micro-computer to count detec- 
tion signals of multirotations and to keep the count 
value; a control circuit 1 7 including a gate array for 
serially transmitting the detection signals of mul- 
tirotations and the absolute value signal within one 

20 rotation as signals of channels A, B, and Z, respec- 
tively, after the power source is turned on; and a 
balanced line driver 16 to send those signals to an 
external controller. 

The operation of the embodiment will now be 

25 described. 

First, a voltage is supplied from the battery 
power source to the multirotation type magnetic 
encoder. This voltage passes through a diode D1 
and is supplied as the power source voltage to the 

30 magnetic encoder to detect the multirotations, the 
control circuit 12 having therein a microcomputer 
for counting a number of multirotation signals and 
holding them. Even when no power source is sup- 
plied (e.g., also including during a power failure), 

35 the number of rotations of the shaft 1 is detected. 

Next, when the power source voltage is sup- 
plied, it is supplied as the power source voltage to 
each circuit of, for example, an absolute encoder 
and, at the same time, it is charged into the capaci- 

40 tor 15 by a diode D2. The power source is also 
supplied to each circuit such as a magnetic en- 
coder through a diode D 3 . Assuming that the power 
source voltage is 5V, the battery power source 
voltage is 3V, and the forward voltage drop of each 

45 of the diodes Di to D 3 is 0.7 V, the power source 
voltage V1 which is applied to the magnetic en- 
coder becomes 3.6 V ( = 5 - 0.7 x 2) and is larger 
than the battery voltage of 3 V. Thus, the diode D1 
is set into the reverse bias state. While the power 

50 source is being applied, there is no need to supply 
a current from the battery power source. Thus, the 
life of the battery is lengthened. 

Each section will now be described in detail. 

55 (Signal transmission) 

When the power source voltage is supplied, 
the voltage detecting circuit 13 operates and sends 
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signals to the control circuits 17 and 12. The con- 
trol circuit 17 then operates and first transmits the 
multirotation detection signal of the shaft 1 as a 
start-stop system signal to the channel A signal 
and as serial data to the external controller. In this 
embodiment, this signal is transmitted by the ASCII 
code (9600 bauds) of eight characters. The ab- 
solute value signal which is detected the second 
time by the absolute encoder is transmitted as 
incremental pulses of channels A and B to the 
external controller (Fig. 2). In the external control- 
ler, the absolute position of the multi rotations can 
be detected from those two signals. After the trans- 
mission, by transmitting the pulses of two phases 
of channels A and B in a manner similar to the 
conventional method, the positioning can be per- 
formed by an incremental encoder. 

(Detecting section of the magnetic encoder and the 
high volumed capacitor 15) 

Fig. 3 is a circuit diagram of a waveform shap- 
ing circuit of the magnetic encoder. Fig. 4 is a 
waveform diagram of output pulses Mi and M 2 of 
this circuit. As will be understood from the dia- 
grams, the pulse Mi (M 2 ) is obtained by detecting 
the differential output of magnetoresistive element 
2MR and 4MR (1MR and 3 MR). The waveforms 
are shaped by programmable operational amplifiers 
1IC and 2IC whose electric power consumption is 
very small. To reduce the electric power consump- 
tion, magnetoresistive element 1MR to 4MR having 
high resistances of hundreds of kiloohms are used. 
Further, resistors Ri and R2 of high resistances are 
serially connected. In this way, the electric power 
consumption of the whole circuit is reduced, there- 
by prolonging the life of the battery. In the control 
circuit 12 as well, not only a CMOS type micro- 
computer but also CMOS type control devices are 
used to minimize the current consumed. Thus, low 
current consumption is realized and, when the cir- 
cuit is in the inoperative mode, current consump- 
tion is about 10 uA. In addition, since the high 
volumed capacitor 15 is used, if the high volumed 
capacitor of 2 (F) is used as the capacitor 15, the 
circuit can operate for 100 hours or longer even if 
the power source or battery power source is cut. 
Therefore, even if the robot is moved for four days 
or more due to a production line change in a 
factory, the absolute value is held, so that the robot 
can be immediately restarted. 

(Light emitting device section of the absolute en- 
coder) 

LED are used as the light emitting device. 
However, the conventional methods described in 
Figs. 10 and 11 have problems. Therefore, in the 



case of 15 bits as shown in Fig. 1, three LEDs 4 
are used, the light emitting positions are grouped 
and the grouped LEDs emit light. On the other 
hand, in the case of grouping, if the light emitted 

5 from the central and peripheral light emitting posi- 
tions are not parallel, an accurate detection signal 
cannot be obtained. Therefore, an aspheric lens is 
used in the lens section to thereby obtain parallel 
light. Since it is sufficient to use parallel light and 

10 to emit light from each group, a small lens can be 
used in the LED. Thus, since the light emitting 
source has a short focal distance, the encoder is 
shortened. 

75. (Pattern constitution of the absolute encoder) 

Fig. 5 is a diagram showing a pattern of the 
absolute encoder. Fig. 6 is a circuit diagram of a 
portion of the absolute encoder in Fig. 1. To elimi- 

20 nate the drawback due to variations in light emitting 
devices and photo sensing devices shown in Figs. 
11 and 12, the pattern of the absolute encoder is 
divided into three groups as described above. In 
the groups, transparent reference tracks Di, D 2 , 

25 and D 3 are provided as shown in Fig. 5. A one-chip 
silicon photodiode array is used as a photo sensing 
devices 6. In Fig. 5, circles S A , S B , and S c in- 
dicated by broken lines show areas where light 
emitting diodes LED1, LED 2 , and LED 3 - 

30 (corresponding to three LEDs 4 each having an 
aspheric lens in Fig. 1) emit light. With this con- 
stitution, since the photo sensing devices are 
formed on the same silicon wafer, the temperature 
characteristics of the photodiodes are fairly 0 uni- 

35 form. Therefore, by comparing the detection signal 
V S1 of a slit Si with a index signal V D1 derived from 
the reference track and by shaping the waveforms 
of these signals as shown in Fig. 6, the tempera- 
tures of the LEDs and photodiodes simultaneously 

40 change and the waveforms are shaped at this dif- 
ferential voltage, so that an output waveform which 
is extremely stable to the temperature can be ob- 
tained. By using one slit of the magnetic encoder 
as the minimum slit (MSB) of the absolute encoder, 
45 there is no need to form a slit in the absolute 
encoder section. Therefore, the number of tracks in 
the absolute encoder section decreases and the 
encoder can be miniaturized radically. 

50 (Waveform shaping circuit section of the absolute 
encoder) 

Two kinds of constitutions are used for the 
waveform shaping circuits 1\ to 7i 5 of the absolute 
55 encoder in accordance with the number of bits of 
the gray code. There is the problem that the con- 
ventional absolute encoder cannot be used at a 
high rotational speed because the frequency char- 
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acteristics of the respective bits differ. However, 
according to these constitutions, the absolute value 
signals are serially transmitted when the rotation is 
stopped and thereafter, the signals are sent by 
incremental signals in a manner similar to the con- 
ventional method. Therefore, no problem is caused 
even if the shaft is rotated at a high speed. 

Fig. 7 shows a circuit in the circuit section in 
Fig. 6 corresponding to only one slit. This circuit is 
used in the waveform shaping circuit of two or 
more slits excluding the maximum slit of a high 
resolution. The magnitude of signal level of each 
slit is adjusted by a variable resistor VR. Since the 
frequency characteristics of the photodiode deterio- 
rate as the load resistance increases, the char- 
acteristics of the slit in which the signal output is 
small and the variable resistor VR is largely ad- 
justed deteriorate. However, since the absolute val- 
ue is detected when the rotation is stopped, as 
described above, the characteristics of the encoder 
are not influenced by variations in signal level. 

Fig. 8 is a circuit diagram to output 32768 
pulses of 15 bits. In this embodiment, in order to 
reduce the number of tracks of the disk 2 to detect 
the absolute value, 4096 slits are used as the slit of 
the highest resolution (in general, 8192 slits are 
used). The signals detected by these slits are input 
to a differential input type current-to-voltage con- 
verter 20 to thereby obtain quasi-sinusoidal signals 
of 4096 slits. From these signals, quasi-sinusoidal 
signals whose phases are different by 45° at a 
time are obtained through a resistance divider 30. 
The waveforms of these signals are shaped by a 
waveform shaping circuit 40, thereby obtaining 
square wave signals. 

Fig. 9 is a diagram showing the phase relations 
among square wave outputs GRi, GRoo, GR2, and 
GR01 in Fig. 8. 

The outputs GR1, GRoo, GR2, and GR01 (each 
consisting of 4096 pulses) are shown in Fig. 9B, 
9D, 9C, and 9E, respectively. The outputs GR1, 
and GR2 and the outputs GRoo and GR01 are input 
to exclusive OR circuits (not shown) in the control 
circuit 17, so that square wave output signals of 
two phases (of channels A and B) of 8192 pulses 
shown in Fig. 9H and in Fig. 9! are obtained. Figs. 
9J and 9K show signals of channels Z and Z, 
respectively. It is known that the frequency char- 
acteristic of a diode varies with the value of its load 
resistance, and is optimal when the value is zero, 
i.e., when the diode is short. Therefore, it is possi- 
ble in principle to make the value zero by using a 
current-to-voltage converter. Further, it is possible 
to cancel common mode noise. For these reasons, 
a differential input type current-to-voltage convertor 
20 is used, whereby the frequency characteristics 
are also improved. Even if the shaft is rotated at a 
high speed, the characteristics can be sufficiently 



satisfied. 

The embodiment of Fig. 1 relates to the exam- 
ple in which one index pulse (channels Z and Z) 
per rotation is added. Since the absolute value can 

5 be inherently detected, the index pulse which is 
used in the conventional incremental encoder is 
unnecessary. In this embodiment, index pulses are 
synthesized by the control circuit 17 and sent to 
the external controller. By always checking the 

70 number of pulses, a malfunction can be detected 
by the noise appearing during transmission. The 
reliability can be improved as follows. Since only 
one pulse of channel Z is output per rotation as 
compared with channels A and B, the probability 

75 that the noise is mixed with the pulse of channel Z 
is small, so that when the pulses of channels A and 
B are counted, if the encoder is operated while 
always checking the number of pulses of channel 
Z, the pulses can be transmitted with improved 

20 high reliability. 

Claims 

1. A multirotation type absolute encoder in which 
25 a magnetic type one-pulse encoder for detect- 
ing the number of rotations and its rotating 
direction and an optical type absolute encoder 
for detecting an absolute angle within one rota- 
tion are combined on the same shaft, the ab- 

30 solute angle of rotations of the shaft is de- 

tected on the basis of detection signals of said 
encoders, and when a power source which is 
supplied to said encoders is cut, a power 
source is supplied from an external auxiliary 

35 power source such as a battery power source 

to said pne-puise encoder and to an electronic 
circuit to measure a detection amount of the 
one-pulse encoder, characterized in that each 
slit track of the disk of said optical type ab- 

40 solute encoder is divided into a group cor- 

responding to an area to which a LED can emit 
light, a reference track of only a transparent 
portion is provided in said group, and a detec- 
tion signal is converted into a square wave 

45 output by using the output signal of said index 

track as an index. 

2. A multirotation type absolute value encoder 
according to claim 1, wherein an LED is used 

50 as a light source of said optical type absolute 

encoder, and an aspheric lens is used as a 
condenser lens. 

3. A multirotation type absolute encoder in which 
55 a magnetic type one-pulse encoder for detect- 
ing the number of rotations and its rotating 
direction and an optical type absolute encoder 
for detecting an absolute angle within one rota- 
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tion are combined on the same shaft, the ab- 
solute angle of rotations of the shaft is de- 
tected on the basis of detection signals of said 
encoders, and when a power source which is 
supplied to said encoders is cut, a power 5 
source is supplied from an external auxiliary 
power source such as a battery power source 
or the like to said one-pulse encoder and to an 
electronic circuit to measure a detection 
amount of the one-pulse encoder, character- 10 
ized in that a circuit to detect signals from a 
track of the maximum resolution is constituted 
by a differential input type current-to-voltage 
converter. 
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